Aims/Introduction: The aim of the present study was to evaluate the efficacy and safety of ipragliflozin in treating Japanese type 2 diabetes patients with inadequate glycemic control by investigating diurnal variations of blood glucose and body composition. Materials and Methods: This was an investigator-initiated, multicenter, prospective study with a 6-month treatment period. The primary outcome investigated was change in hemoglobin A1c levels from baseline. Secondary outcomes included changes in fasting plasma glucose, insulin resistance, variations in 24-h glucose levels detected by continuous glucose monitoring, bodyweight, body composition, waist circumference and serum lipids. Adverse events were evaluated throughout the study. Results: A total of 98 patients completed the study. Over the 6-month period, ipragliflozin-treated patients showed reduction in hemoglobin A1c levels by 0.3%, fasting plasma glucose levels by 13.0 mg/dL, bodyweight by 2.1 kg, body fat mass by 1.5 kg and extracellular water by 0.3 kg, as well as a decrease in systolic/diastolic blood pressures. Significant reductions from baseline in mean amplitude of glucose excursions and standard deviation, and the reduced frequency of hyperglycemia were confirmed. High-density lipoprotein cholesterol was also significantly improved. Notably, the subgroup analysis of hemoglobin A1c levels, bodyweight, waist circumference, and body composition based on age, sex and body mass index showed similar reductions within each subgroup. The incidences of adverse events and adverse drug reactions were 20.0% and 1.0%, respectively, over the 6-month period. Conclusions: Ipragliflozin is a useful oral antidiabetic medication for patients with a wide range of background characteristics.
INTRODUCTION
Sodium-glucose cotransporter 2 (SGLT2) inhibitors lower blood glucose independent of insulin action in patients with type 2 diabetes mellitus by facilitating the excretion of glucose into the urine, resulting in reduction in bodyweight because of urinary calorie loss 1, 2 . As the mechanism of action of SGLT2 inhibitors involves neither interference with endogenous glucose production in response to hypoglycemia, nor insulin release, SGLT2 inhibitors provide benefits, such as a lower risk of hypoglycemia, when used as a monotherapy or in combination with other oral antidiabetic medications (OAMs) that have different mechanisms of action [3] [4] [5] . Furthermore, a recent study has shown that SGLT2 inhibitors are associated with reduced rates of death from cardiovascular causes (38% relative risk reduction), hospitalization for heart failure (35%) and death from any cause (32%) 6 , suggesting a possible anti-atherosclerotic effect.
Ipragliflozin is the first SGLT2 inhibitor to be approved for the treatment of patients with type 2 diabetes mellitus in Japan, as monotherapy or in combination with other OAM. Previous randomized placebo-controlled studies have shown that administration of ipragliflozin to patients with type 2 diabetes mellitus improved glycemic control and had low rates of adverse events [7] [8] [9] [10] [11] . Although treatment with SGLT2 inhibitors has been recommended for patients with type 2 diabetes mellitus who are relatively young and obese in daily clinical practice in Japan, the efficacy and safety of ipragliflozin for elderly or nonobese patients are less clear 12 , and there is a need to evaluate the drug based on patient background in a clinical setting. Furthermore, just a few studies that examined the impact of ipragliflozin as add-on therapy to other OAM on 24-h blood glucose profiles have been reported so far 13, 14 . The present study aimed to evaluate the efficacy and safety of ipragliflozin as monotherapy or as add-on therapy to other OAM in Japanese type 2 diabetes mellitus patients with inadequate glycemic control by measuring diurnal variations in blood glucose and body composition. Our objective was to show the clinical features of patients in whom ipragliflozin induces favorable effects on glycemic control, body composition and other metabolic parameters.
METHODS

Study design
This was a 6-month, investigator-initiated, open-label, prospective intervention study carried out at Naka Kinen Clinic, Naka Kinen MITO Clinic, and Nakamoto Naika Clinic Medical Association in Japan to assess the efficacy and safety of ipragliflozin in Japanese patients with type 2 diabetes mellitus. The patients were prescribed 50 mg of ipragliflozin once daily before or after breakfast for 6 months. The clinical protocol was approved in May 2014 by the ethics committees of the participating centers, and designed in compliance with the principles embodied by the Declaration of Helsinki (2013). The study period was between June 2014 and December 2015. The present study was carried out in accordance with ethical guidelines for medical and health research involving human subjects (31 March 2015), as well as applicable local laws and regulations. All patients provided written informed consent before all procedures related to this study. This study is registered with UMIN-CTR (UMIN000014306).
Study patients
Patients with type 2 diabetes mellitus aged ≥20 years at the time of consent, with a hemoglobin A1c (HbA1c) level ≥6.5% and ≤8.5%, and who were on a diet and exercise therapy or conventional antihyperglycemic therapy for >8 weeks, were eligible for the present study.
Exclusion criteria were as follows: type 1 diabetes mellitus or secondary diabetes caused by a pancreatic disorder, contraindications described in the package insert of ipragliflozin; severe renal dysfunction; patients with body mass index (BMI) <22 kg/m 2 ; current use of insulin; glucagon-like peptide-1 analogs or SGLT2 inhibitors; women who are currently pregnant, breast-feeding or of child-bearing potential; or patients considered otherwise inappropriate to participate in the study by the principal investigator.
The concomitant medications that had been used before the study were continued for the entire 6-month period without changing the dosage. Only a-glucosidase inhibitors (a-GI), biguanides (BG) and dipeptidyl peptidase 4 inhibitors (DPP-4i) were selected as concomitant OAM, which have little influence on bodyweight or fluid balance.
Efficacy and safety outcomes
The primary outcome investigated over 6 months was the change in HbA1c levels from baseline. The iPro TM 2 (Medtronic, Northridge, CA, USA) continuous glucose monitoring (CGM) devices were used for 3 days to monitor subcutaneous glucose levels at 5-min intervals, in order to determine and compare glycemic control on day 0 and at the end of month 3. The primary outcome was also evaluated by stratifying patients according to sex, age (<65 or ≥65 years), BMI (<25 kg/m 2 or ≥25 kg/m 2 ) and OAM (ipragliflozin as monotherapy or as addon therapy to a-GI, BG, DPP-4i, a-GI + BG, DPP-4i + BG and a-GI + DPP-4i).
Key secondary outcomes included changes from baseline in body composition (body fat mass, extracellular water, intracellular water, protein levels and minerals), total bodyweight, waist circumference, serum lipids, fasting plasma glucose (FPG), homeostasis model assessment-estimated insulin resistance (HOMA-IR) index and other clinical laboratory tests. Bodyweight and body composition were measured using the INBODY3.2 body composition analyzer (InBody Japan Inc., Tokyo, Japan). Body composition was also evaluated by stratifying patients in the same way described above.
Safety outcomes studied were adverse events (AEs), adverse drug reactions, vital signs, laboratory tests and bodyweight, which were recorded throughout the study. AEs were reported in terms of the preferred term according to MedDRA version 19.0 (The  International Conference on Harmonisation of Technical  Requirements for Registration of Pharmaceuticals for Human  Use [ICH] , Geneva, Switzerland), and classified in terms of severity, seriousness and causal relationship to the study drug.
Statistical analysis
Efficacy variables were analyzed in 98 patients after excluding two patients because of study discontinuation. The safety analysis set included all patients who started treatment, except those who did not receive the study medication or those for whom safety data were not collected after treatment initiation. Efficacy variables were presented descriptively as changes over time in terms of the mean -standard deviation (SD). The skewness and kurtosis were measured for the degree of symmetry and the degree of peakedness in the variable distributions of frequency histograms. For graphic presentation of changes from baseline in HbA1c levels and body composition over the 6-month treatment period, the Dunnett-Hsu multiple comparison method was used to determine changes from baseline to those various time-points within a stratum. The subgroup analysis was carried out by using a mixed-effects model for repeated-measurement (MMRM) analysis, with treatment period and the variables (sex, age or BMI) as the fixed effect, baseline measurement as a covariate, and treatment period 9 classification variable interaction. As for the subgroup analysis of age and BMI, age was stratified into <65 years and ≥65 years, and BMI was stratified into <25 kg/m 2 and ≥25 kg/m 2 . All statistical analyses were carried out using SAS â version 9.4 (SAS Institute Inc., Cary, NC, USA). All tests for significance were two-sided, and the level of significance was set as P < 0.05.
RESULTS
Patients
A total of 100 patients were enrolled in the study. Of these, two patients were withdrawn because of treatment-related AE and consent withdrawal, and they were excluded from the full analysis set. The remaining 98 patients were evaluated for efficacy. The safety analysis set consisted of all 100 patients. Patient demographics and baseline characteristics are summarized in Table 1 . Overall, 52 patients were men and the rest were women, mean age was 59.9 years (63.0% <65 years, 37.0% ≥65 years) and mean duration of diabetes was 6.5 years. At baseline, the mean HbA1c level was 7.2 -0.6% and mean FPG level was 137.3 mg/dL, which were definitely lower values as compared with those values obtained from previous studies 7, 10, [15] [16] [17] . . The following OAMs were being concomitantly given to patients during the treatment period: a-GI (16.0%), BG (15.0%), DPP-4i (15.0%), a-GI + BG (15.0%), DPP-4i + BG (10.0%) and a-GI + DPP-4i (7.0%). The remaining 22% of study patients were drug-naive. The percentage of patients with hypertension was 57.0%, and the percentage of patients with dyslipidemia was 76.0%.
Efficacy
Glycemic efficacy end-points Changes in glycemic control from baseline to the end of the treatment period are shown in Figure 1 . As shown in Figure 1a , the mean HbA1c level gradually decreased until month 3, and was sustained at this lower level until month 6, resulting in an overall change of -0.3 -0.5% (mean -SD) from baseline (P < 0.001). Figure 1b ,c show the time-course of the mean FPG and HOMA-IR levels. By month 6, the FPG level was significantly less than the baseline level (P < 0.001). HOMA-IR value also decreased significantly from baseline to month 6 (P < 0.01).
Mean 24-h glucose levels determined by CGM at baseline and after 3 months of treatment with ipragliflozin are shown in Figure 2a , and the CGM-derived indices are also shown. The 3-month administration of ipragliflozin resulted in lower mean plasma glucose levels throughout the day, as well as lower preprandial (before each meal) and midnight (Figure 2a ) levels. The 24-h mean glucose level was reduced from 160.75 mg/dL at baseline to 146.33 mg/dL by the end of the study (P < 0.001; n = 82). In addition, daily glucose fluctuations for mean amplitude of glucose excursion (MAGE) and for SD also decreased from 90.3 mg/dL to 78.1 mg/dL, and from 35.9 mg/dL to 30.9 mg/dL respectively (P < 0.001; n = 82). The proportion of time spent in the ≥70 to <140 mg/ dL blood glucose range increased from 40.7% to 51.5%, whereas the proportions of time spent in the ≥140 and The number of patients was 100, except for waist circumference (WC; n = 99). Values are shown as n (%) or mean -standard deviation. a-GI, a-glucosidase inhibitors; BMI, body mass index; DPP4i, dipeptidyl peptidase 4 inhibitors; FPG, fasting plasma glucose; HbA1c, hemoglobin A1c; SD, standard deviation; TBW, total body weight; T2DM, type 2 diabetes mellitus; WC, waist circumference.
<70 mg/dL blood glucose ranges decreased from 58.5% to 47.8%, and from 0.9% to 0.7%, respectively ( Figure 2b ). The frequency histograms of blood glucose levels, generated by CGM data obtained at baseline and after 3 months of treatment with ipragliflozin, showed that the peak and distribution of the histogram pattern shifted to the left, and that ipragliflozin as add-on therapy decreased the frequency of hyperglycemia when compared with prior therapy (Figure 2c ). Furthermore, the skewness and kurtosis for histogram shapes derived from before/after treatment with ipragliflozin were determined. The 3-month administration of ipragliflozin increased skewness and kurtosis from 1.03 to 1.51 and from 1.30 to 4.08, respectively ( Figure 2c ).
Subgroup analysis of glycemic controls
To investigate the impact of clinical features on the efficacy of glycemic control, the change from baseline in HbA1c levels was analyzed after stratifying data by patient background parameters including sex, age, BMI and OAM. The subgroup analysis showed similar decrements in HbA1c levels for all groups (Figure 3a-c; data not shown for OAM). No significant differences in the measured baseline HbA1c level were found among the subgroups: sex (P = 0.07), age (P = 0.89), BMI (P = 0.60) and OAM (P = 0.57). To compare the time-dependent reduction in HbA1c levels induced by ipragliflozin among the subgroups of age, sex and BMI over the duration of the study period, we carried out a MMRM analysis by using the baseline HbA1c level as a covariate. Significant levels of interaction were found for sex (P < 0.05), but not for age and BMI. As for the subgroup analysis of OAM, the degree of HbA1c reduction by ipragliflozin monotherapy was comparable with other OAMs (a-GI, BG, DPP-4i, a-GI + BG, a-GI + DPP-4i, BG + DPP-4i; data not shown). Significant differences in HOMA-IR were observed between groups based on BMI (P < 0.01; Figure 3d ) and OAM (BG vs a-GI + BG; P < 0.05; data not shown). The mean changes in MAGE, SD, and mean blood glucose before and after administration of ipragliflozin as monotherapy or as add-on therapy to other OAM are summarized in Table 2 . Although administration of ipragliflozin as monotherapy reduced MAGE, SD and mean blood glucose, a significant difference was only found for mean blood glucose (P < 0.01). Compared with MAGE and SD obtained from patients using ipragliflozin as monotherapy, greater reductions for MAGE and SD were observed in patients treated with dual therapy of ipragliflozin with BG, a-GI or DPP-4i, and triple therapy of ipragliflozin with a-GI + BG or a-GI + DPP-4i. The reductions in MAGE and SD from the baseline values tended to be smaller in the triple therapy of ipragliflozin in addition to BG + DPP-4i compared with the other triple and dual therapies.
Bodyweight, BMI, waist circumference and body composition Mean bodyweight decreased over time, and the mean changes from baseline to month 1, 3, and 6 were -0.87 kg, -1.58 kg and -2.13 kg, respectively (P < 0.001; Figure 4a ). By the end of the treatment period, waist circumference and BMI were Mean changes from baseline in (a) hemoglobin A1c (HbA1c) levels (%; n = 98) and (b) fasting plasma glucose (FPG) levels (mg/dL; n = 98). (c) The columns represent the homeostasis model assessment-insulin resistance (HOMA-IR) before/after 6 months of ipragliflozin administration (n = 97). Data are expressed as mean -standard deviation. P-values denote differences between baseline data and month 1, 3, and 6 data. ***P < 0.001; **P < 0.01. >50  50  60  70  80  90  100  110  120  130  140  150  160  170  180  190  200  210  220  230  240  250  260  270  280  290  300  310  320  330  340  350  360  370  380 , respectively (P < 0.001; Figure 4b ,c). As for body composition, the mean reduction from baseline of extracellular water by month 1 was 0.49 kg (P < 0.001), which was the largest reduction among body composition measures (Figure 4d ). By contrast, the largest reduction among body composition measures at month 3 and 6 was body fat mass, which reduced from baseline by 0.74 and 1.51 kg, respectively (P < 0.001). Although the extent of reduction of mineral level was lesser than that of body fat mass and extracellular water, it was nevertheless confirmed to be significant for the duration of the study period (Figure 4d) . No significant reduction of protein levels was observed.
Subgroup analysis of bodyweight, waist circumference and body composition Subgroup analysis of bodyweight, waist circumference, and body composition based on age, sex and BMI at the baseline were also carried out. Although significant differences for measured baseline values of bodyweight by age, sex and BMI were found, respectively (P < 0.01, P < 0.001, P < 0.001; Figure 5a ,c, e), the MMRM analysis showed no significant differences in bodyweight from the baseline were found among the subgroups of age, sex and BMI during the study period. Significant differences in the measured baseline value of waist circumference according to BMI (P < 0.001), but not age and sex, were found : n = 48) are shown. The Dunnett-Hsu multiple comparison test was used to compare time-points with those measured at baseline within a stratum. P-values denote differences between baseline data and month 1, 3 or 6 data. ***P < 0.001; **P < 0.01. (d) Mean changes in homeostasis model assessment-insulin resistance (HOMA-IR). The data are shown as means and standard deviations, and a significant difference was confirmed between <25 kg/m 2 (n = 49) and ≥25 kg/m 2 (n = 48) subgroups at month 6. NS, not significant.
( Figure 5b,d,f) . The MMRM analysis, in which the baseline value of waist circumference was used as a covariate, showed that significant levels of interaction in waist circumference were found for sex (P < 0.05), but not in the subgroups of age and BMI.
The results of the subgroup analyses of body composition are shown in Table 3 . The MMRM analysis showed no significant levels of interaction between the subgroups of age, sex and BMI. In addition, significant differences for measured baseline values of intracellular water, protein and mineral by age were found, respectively (P < 0.05; data not shown).
Safety
Vital signs and other laboratory tests
The mean changes in systolic blood pressure and diastolic blood pressure are shown in Table 4 . The mean values were lower than baseline levels by 6.3 mmHg for systolic blood pressure and 3.8 mmHg for diastolic blood pressure by the end of 6 months (P < 0.001). The mean hematocrit levels increased significantly from baseline over 6 months of treatment (P < 0.001; Table 4 ).
No significant changes in plasma triglyceride levels, free fatty acid levels and low-density lipoprotein cholesterol levels were observed for the duration of the study (Table 4) . By contrast, the mean values of total cholesterol level and high-density lipoprotein cholesterol level were significantly higher than baseline values by the end of 6 months (P < 0.01 and P < 0.001, respectively; Table 4 ).
AEs and adverse drug reactions
The number and incidence of AEs, adverse drug reactions, serious adverse events, and AEs resulting in study discontinuation are shown in Table 5 . A total of 20 (20.0%) AEs and one (1.0%) adverse drug reaction -a rash -were reported in patients during the 6 months.
DISCUSSION
The present study showed that ipragliflozin as monotherapy or as add-on therapy with other OAM, such as BG, a-GI and DPP-4i, improved HbA1c, FPG and 24-h glucose profiles. We also observed significant improvements in bodyweight, waist circumference, blood pressures and high-density lipoprotein cholesterol. Of note, body composition analysis showed that the majority of weight loss corresponded to extracellular water loss at the initial phase of treatment, and body fat mass loss at a later phase of treatment. Furthermore, the subgroup analyses of glycemic control, bodyweight, waist circumference, and body composition showed comparable efficacies between subgroups of age and baseline BMI. These results suggest similar efficacy of ipragliflozin in a wide range of Japanese patients with type 2 diabetes mellitus irrespective of their backgrounds, and provide physicians with a viable choice for add-on therapy in patients with inadequate glycemic control.
Of note, the characteristics of our patients differed from previous ipragliflozin phase 2 and phase 3 clinical studies, in that baseline HbA1c level was lower by approximately 1.0% and the duration of type 2 diabetes mellitus was relatively shorter 8, 11, [16] [17] [18] . This was because we intended to evaluate the efficacy of ipragliflozin on body composition, excluding the influence of those patients who had high glucose excretion because of poor glycemic control before administration of ipragliflozin. Subgroup analysis of HbA1c levels in terms of background characteristics including age, sex, baseline BMI and OAMs used in add-on therapy showed similar degrees of reduction from baseline levels. However, a significant difference for the time-dependent reduction of HbA1c level between the subgroup of sex was confirmed, implying that there might be differences of sex for the efficacy of ipragliflozin on glycemic control in clinical practice. Further study is required to clarify the hypothesis.
In contrast to the large number of previous studies evaluating the efficacy of ipragliflozin by monitoring HbA1c or FPG levels [7] [8] [9] [10] [11] , only a limited number of studies have reported 24-h glucose profiles in the evaluation of ipragliflozin efficacy in improving glycemic control 13, 14 . Likewise, as for other SGLT2 inhibitors, only a small number of clinical studies using CGM devices to investigate the effect of luseogliflozin [19] [20] [21] or sotagliflozin 22 on 24-h glucose profiles have been reported thus far. Further CGM-based studies of ipragliflozin in patients with type 2 diabetes mellitus are required to clarify peak glucose, lowest glucose, and 24-h mean glucose levels and their variations. To our knowledge, the present study is the first to The Dunnett-Hsu multiple comparison test was used to compare measurements at various time-points with those at baseline within a stratum. P-values denote differences between baseline data and month 1, 3 or 6 data. ***P < 0.001; **P < 0.01; *P < 0.05. : n = 46) are shown. The Dunnett-Hsu multiple comparison test was used to compare measurements at various time-points with those at baseline within a stratum. P-values denote differences between baseline data and month 1, 3 or 6 data. ***P < 0.001; **P < 0.01; *P < 0.05.
evaluate the efficacy of longer-term administration of ipragliflozin as add-on therapy to other OAM throughout the day, when compared with previous studies 20, [22] [23] [24] [25] . Here, we have confirmed that ipragliflozin as monotherapy or as add-on therapy to other OAM lowered the preprandial, postprandial and nocturnal glucose excursions. In addition, the proportion of time spent with glucose levels are in the range ≥70 to <140 mg/dL increased, whereas the proportion of time spent with glucose levels are ≥140 mg/dL and <70 mg/dL decreased, showing a lowered risk of hypoglycemia. Notably, the reduction in blood glucose distribution width induced by ipragliflozin suggests that ipragliflozin reduces glucose spikes, the difference between maximum plasma glucose and fasting plasma glucose levels. Although Yamada et al.
13
, reported that ipragliflozin simultaneously lowered preprandial and postprandial glucose excursions in patients whose HbA1c level was higher than that of the present study or in patients treated with hypoglycemia-inducible antidiabetic medications, the improvements in glucose spikes reported seem to be lower than in the present study. Taken together, the improvement of glucose spikes by monotherapy or add-on therapy with ipragliflozin is thought to depend on baseline HbA1c level or the concomitant medications administered.
In contrast to sulfonylurea, insulin and thiazolidinediones that increase bodyweight [23] [24] [25] , ipragliflozin has been recognized to stimulate a beneficial reduction in bodyweight in previous studies [7] [8] [9] [10] [11] . In the present study as well, the administration of ipragliflozin resulted in a continuous reduction in bodyweight and BMI throughout the study period. Of note, our analysis on body composition was similar to previous observations showing the rapid initial decline in body water, and a subsequent 
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gradual loss of body fat mass after the administration of dapagliflozin 26 and ipragliflozin 27, 28 . Further analysis is required to investigate the mechanism behind the bodyweight reduction.
The fluid loss that occurred in the initial phase of treatment might be due to osmotic diuresis owing to urinary glucose excretion, resulting in an increase in the hematocrit, and suggesting the need for patients to drink more water. In addition, significant reductions in systolic blood pressure and diastolic blood pressure, by excluding those patients who were taking antihypertensive drugs, were observed by the end of the 6-month study period (data not shown), and it is possible that osmotic diuresis is involved in the mechanism behind lowering blood pressure 29 .
Although the loss of body water and protein, corresponding to the loss of muscle mass, was observed during the study period, no AEs such as dehydration and sarcopenia were reported, and only a rash in a single patient was reported as a drug adverse reaction. In addition, there were no episodes of AEs of special interest (hypoglycemia, urinary tract/genital infections and polyuria/pollakiuria), consistent with a previous report claiming the there are few cases of serious AEs resulting from SGLT2 inhibitors [3] [4] [5] . Overall, these results suggest that the administration of ipragliflozin once daily could be feasible for treating type 2 diabetes mellitus patients with a wide range of ages and BMI.
The present study had certain limitations. First, the lack of a comparator was a major issue in our evaluation. Second, the varying numbers of patients receiving different treatments (monotherapy or combination with other OAM) introduced problems into our analysis. Third, as previously discussed, the use of impedance methods does not provide information regarding the visceral fat area and subcutaneous fat area in body fat mass. Finally, the study deals only with BG, a-GI and DPP-4i as antidiabetic medications, but not sulfonyl urea, insulin or thiazolidinediones. In conclusion, ipragliflozin as monotherapy or as add-on therapy to other OAM could be useful for type 2 diabetes mellitus patients with poor glycemic control, whose HbA1c level is at approximately 7%, to avoid hypoglycemia and prevent glucose spikes.
